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Description

[0001] This invention relates to a fuel injector for use
in supplying fuel under pressure to a combustion space
of a compression ignition internal combustion engine. In
particular, the invention relates to a fuel injector of the
type in which the commencement of injection is control-
led using an electromagnetic actuator. The invention is
particularly suitable for use in a pump/injector arrange-
ment, but it will be appreciated that the invention may
be used in other applications.

[0002] In a known pumpl/injector arrangement, the
commencement of injection is controlled by controlling
the fuel pressure within a control chamber, the fuel pres-
sure within the control chamber applying a force to a
valve needle urging the needle towards its seating. The
fuel pressure within the control chamber is controlled us-
ing an appropriate electromagnetically actuated valve.
Such an arrangement is relatively complex and difficult
to control accurately.

[0003] By way of background to the presentinvention,
GB 2307513 describes a fuel injector in which an elec-
tromagnetic actuator is arranged to control movement
of a valve needle against the force of a spring. To initiate
injection, a winding of the electromagnetic actuator is
energised to cause an armature of the actuator to move
away from the valve needle against the force of the
spring, thereby permitting the needle to lift from its seat-
ing allowing fuel to be injected. To terminate injection
the winding of the actuator is de-energised and the ar-
mature moves back to a rest position and, thus, the
valve needle is seated to prevent further injection.
[0004] According to the presentinvention there is pro-
vided a fuel injector comprising a valve needle biased
by a spring towards a seating, a first electromagnetic
actuator arrangement including a first armature and a
first winding, and arranged to vary the magnitude of the
biasing force applied to the needle by the spring when
energised to a first energisation level and to permit in-
jection to commence by lifting the valve needle when
energised to a second energisation level, and a second
electromagnetic actuator arrangement including a sec-
ond armature and a second winding, independently con-
trollable from the first actuator arrangement and ar-
ranged to operate a spill valve which controls the timing
of pressurisation within a supply passage, wherein the
first and second actuator arrangements form a common
actuator.

[0005] In such an arrangement, the spring is conven-
iently arranged to apply a sufficiently large biasing force
to the needle to ensure that injection does not occur
when the actuator is energised to a first energisation lev-
el. Upon energising the actuator to a second energisa-
tion level, the actuator acts against the spring to reduce
the magnitude of the biasing force applied to the needle
by the spring to a level sufficient to allow movement of
the injector needle thus allowing injection to commence.
[0006] Preferably, the first armature is carried by a
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control member, the spring load being transmitted to the
needle through the control member.

[0007] As the fuel injector does not rely upon the op-
eration of a valve to control injection, the number of drill-
ings, bores and other features which much be provided
in the injector can be reduced thereby simplifying con-
struction. The fuel injector is further relatively easy to
control, thus permitting accurate control of the timing of
injection.

[0008] The invention is particularly suitable for use in
a pump/injector arrangement in which the timing of fuel
injection relative to the timing of closing a drain valve
controls the injection pressure. Clearly, in such an ar-
rangement, the invention permits improved control of
the injection pressure.

[0009] The invention will further be described, by way
of example, with reference to the accompanying draw-
ings, in which:

Figure 1 is a sectional view of a fuel injector in ac-
cordance with an embodiment; and

Figure 2 is a view of part of the injector of Figure 1
to an enlarged scale.

[0010] The fuel injector illustrated in the accompany-
ing drawings comprises a nozzle body 10 which is pro-
vided with a blind bore 12. A valve needle 14 is slidable
within the bore and is engageable with a seating defined
adjacent the blind end of the bore to control communi-
cation between the bore 12 and one or more outlet open-
ings which communicate with the bore 12 downstream
of the seating. The bore 12 is shaped to define an upper
region of diameter substantially equal to the diameter of
the adjacent part of the needle 14 which guides the nee-
dle 14 for sliding movement in the bore 12. This part of
the bore 12 is shaped to define an annular gallery 16
which communicates with a supply passage 18. The
bore 12 further defines a lower region of enlarged diam-
eter which houses a reduced diameter portion of the
needle 14 and defines with the adjacent part of the nee-
dle 14, a chamber from which fuel is supplied, in use,
past the seating to the outlet openings. The valve needle
14 is shaped to include a plurality of flutes which define
flow paths between the annular gallery 16 and the cham-
ber defined between the lower part of the bore 12 and
the adjacent part of the needle 14. At the intersection
between the upper, relatively large diameter part of the
needle 14 and the reduced diameter part thereof, a
thrust surface is defined which is exposed to the fuel
pressure within the chamber.

[0011] The upper surface of the nozzle body 10 abuts
a distance piece 20 which is provided with a through
bore into which an end part of the needle 14 extends. A
load transmitting member 22 engages the upper part of
the needle 14 and is located in a part of the bore of the
distance piece 20 of enlarged diameter. Drillings 24 are
provided in the distance piece 20, the drillings 24 com-
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municating with the supply passage 18.

[0012] The upper surface of the distance piece 20
abuts the lower end surface of a second distance piece
26 which is provided with drillings 28 communicating
with the drillings 24 of the first distance piece 20. The
second distance piece 26 is further provided with a
through bore which includes a region of relatively large
diameter defining a spring chamber 30. A control mem-
ber 32 extends into the spring chamber, the lower end
of the control member 32 including an outwardly extend-
ing flange 34, the upper surface of which carries a shim
36, a helical compression spring being engaged be-
tween a step defined at an end of the spring chamber
30 and the upper surface of the shim 36. The spring 38
biases the member 32 in a downward direction in the
orientation illustrated, biasing the lower end surface of
the member 32 into engagement with the load transmit-
ting member 22, hence biasing the valve needle 14 into
engagement with the seating.

[0013] The upper end of the control member 32 de-
fines a step with which a shim 40 engages, the shim
acting to locate an armature 42, a screw-threaded mem-
ber 44 securing the armature 42 and shim 40 to the
member 32. The armature 42 is moveable under the in-
fluence of a magnetic field generated, in use, by a first
winding 46 forming part of an actuator arrangement 48
located within an actuator housing 50. A passage 52 ex-
tends through the actuator housing 50, the passage 52
communicating with the drillings 28.

[0014] The upper surface of the actuator housing 50
abuts a valve housing 54 which includes a drilling 56
communicating with the passage 52. The valve housing
includes a through bore 58 within which a valve member
60 is slidable, the valve member 60 including a region
which is dimensioned to engage a seating defined by
part of the through bore 58. The through bore 58 and
valve member 60 together define an annular chamber
62 located upstream of the seating which communicates
through a drilling 64 and a recess 66 formed in the upper
surface of the valve housing 54 with the drilling 56. The
lower end of the valve member 60 is secured to an ar-
mature 68 by means of a screw-threaded member 70
which engages a screw-threaded part of the valve mem-
ber 60. The armature 68 is moveable under the influ-
ence of a magnetic field generated, in use, by a second
winding 72 forming part of the actuator 48.

[0015] Ashim 74 islocated beneath the screw-thread-
ed member 70, a helical compression spring 76 being
engaged between the shim 74 and the upper surface of
the screw-threaded member 44.

[0016] The upper surface of the valve housing 54
abuts the lower end of a pump housing 78 which in-
cludes a bore 80 within which a pumping plunger 82 re-
ciprocal under the influence of a cam and tappet ar-
rangement, against the action of a return spring 84.
[0017] It will be appreciated that the shims 36, 40, 74
are selected depending upon the intended application
of the injector, the shims setting the prestressing of the
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springs 38, 76 and the travel of the control member 32.
[0018] Inuse, whilstthe plunger 82 is being withdrawn
from the plunger bore 80 under the action of the spring
84, and with the first and second windings 46, 72 of the
actuator 48 de-energized, the valve member 60 is bi-
ased by the spring 76 away from the seating, thus per-
mitting communication between a source of fuel under
low pressure which communicates with a chamber 86
located downstream of the seating and the plunger bore
80. As a result, fuel flows to the plunger bore 80, the
flow of fuel continuing until the plunger 82 reaches its
outermost position. It will be appreciated that during this
stage of the operation of the injector, the fuel pressure
applied to the valve needle 14, and in particular to the
angled thrust surfaces thereof exposed to the fuel pres-
sure within the bore 12, is relatively low. The force ap-
plied to the valve needle 14 by the application of fuel
under pressure is therefore insufficient to lift the valve
needle 14 away from its seating, the spring 38 acting to
ensure that the valve needle 14 remains in engagement
with the seating.

[0019] Onceinward movement of the plunger 82 com-
mences, whilst the actuator 48 remains de-energized,
fuel is displaced from the plunger bore 80 past the valve
member 60 and seating to the low pressure reservoir.
When it is determined that pressurization of fuel should
commence, the second winding 72 is energized result-
ing in movement of the armature 68 towards the winding
72 and bringing the valve member 60 into engagement
with the seating. This movement breaks the communi-
cation between the plunger bore 80 and the low pres-
sure fuel reservoir, and as fuel is no longer permitted to
escape from the plunger bore 80, continued inward
movement of the plunger 82 pressurises the fuel in the
plunger bore 80 and passages in communication there-
with. During this stage of the operation of the injector,
although the fuel pressure applied to the needle 14 in-
creases, the fuel pressure is still insufficient to cause
movement of the valve needle away from its seating
against the action of the spring 38.

[0020] When injection is to commence, the first wind-
ing 46 is energized attracting the armature 42 towards
the winding 46. This attractive force is transmitted
through the control member 32 to the spring 38, and it
will be appreciated that as a result, the biasing force ap-
plied to the needle 14 by the spring 38 is reduced. The
reduction in the biasing force applied to the needle 14
is sufficient to permit the valve needle 14 to lift from its
seating under the action of the fuel pressure within the
bore 12. Such movement of the needle 14 allows fuel to
flow past the seating to the outlet openings, thus com-
mencing injection.

[0021] In order to terminate injection, the second
winding 72 is de-energized, and as a result the valve
member 60 lifts away from its seating under the action
of the spring 76. The movement of the valve member 60
permits fuel to escape to the low pressure fuel reservoir,
thus permitting a rapid reduction in the fuel pressure
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within the plunger bore 80 and other passages within
the injector. The fuel pressure applied to the needle 14
therefore falls, and as a result of the reduced pressure
applied to the needle 14, the needle 14 returns into en-
gagement with its seating under the action of the spring
38 to terminate injection. If desired, the first winding 46
may also be de-energized when the second winding 72
is de-energized, thus increasing the magnitude of the
biasing force applied to the valve needle 14 by the spring
38 at the termination of injection.

[0022] After termination of injection, continued inward
movement of the plunger displaces further fuel to the
low pressure reservoir.

[0023] By ensuring that the attractive force between
the first winding 46 and armature 42 rises as rapidly as
possible, the timing at which commencement of injec-
tion occurs can be controlled relatively accurately, even
allowing for slight inaccuracies in the effective area of
the valve needle 14 exposed to the fuel pressure within
the bore 12 urging the needle 14 away from its seating.
As the timing of commencement of injection can be con-
trolled relatively accurately, the injection pressure can
also be controlled accurately using the apparatus de-
scribed hereinbefore.

[0024] Inanalternative mode of operation, rather than
energizing the first winding 46 separately for each injec-
tion, the first winding 46 may be continuously energized
to ensure that injection commences as soon as a pre-
determined pressure is reached, the predetermined
pressure being dependent upon the rate of the spring
38, the magnitude of the attractive force between the
actuator 48 and armature 42, and the effective area of
the valve needle 14 exposed to the fuel pressure within
the bore 12. In this mode of operation, the magnitude of
the attractive force between the actuator 48 and the ar-
mature 42 can be varied, in use, to vary the pressure at
which commencement of injection occurs.

[0025] Although in the embodiments described here-
inbefore, the invention is incorporated into a pump in-
jector arrangement, it will be appreciated that the inven-
tion is also applicable to other types of fuel injector in
which the commencement of injection is controlled elec-
tronically, the invention being applicable to arrange-
ments both where the timing of commencement of in-
jection is controlled and arrangements in which com-
mencement of injection is to occur when a predeter-
mined pressure is reached.

Claims

1. A fuel injector comprising a valve needle (14) bi-
ased by a spring (38) towards a seating, a first elec-
tromagnetic actuator arrangement including a first
armature (42) and a first winding (46) and arranged
to vary the magnitude of the biasing force applied
to the valve needle (14) by the spring (38) when en-
ergised to a first energisation level and to permit in-
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jection to commence by lifting the valve needle (14)
when energised to a second energisation level, and
a second electromagnetic actuator arrangement in-
cluding a second armature (68) and a second wind-
ing (72), independently controllable from the first
actuator arrangement (42, 46) and arranged to op-
erate a spill valve (60) which controls the timing of
pressurisation within a supply passage (18), where-
in the first and second actuator arrangements (42,
46, 68, 72) form a common actuator (48).

2. A fuel injector as claimed in Claim 1, wherein the
spring (38) comprises a helical compression spring
(38).

3. A fuel injector as claimed in Claim 2, wherein the

armature (42) of the first actuator arrangement is
carried by a control member (32) which cooperates
with the needle (14), the spring load being transmit-
ted to the needle (14) through the control member
(32).

4. A fuel injector as claimed in any of the preceding

claims, whereby the first winding (46) is continuous-
ly energisable, in use, to ensure injection is com-
menced as soon as a predetermined pressure is
reached, and whereby the magnitude of a force of
attraction between the first winding (46) and the first
armature (42) is variable to vary the predetermined
pressure.

5. A fuel injector as claimed in any of claims 1 to 3,
whereby de-energisation of the second winding
(72) serves to terminate injection.

Patentanspriiche

1. Einspritzventil, umfassend eine Ventilnadel (14),
die durch eine Feder (38) gegen einen Sitz vorge-
spannt ist, eine erste elektromagnetische Betati-
gungseinrichtung mit einem ersten Anker (42) und
einer ersten Wicklung (46), die so angeordnet ist,
daR sie die GroRe der durch die Feder (38) auf die
Ventilnadel (14) aufgebrachte Vorspannungskraft
verandern kann, wenn sie bis zu einem ersten Er-
regungs-Niveau mit Energie beaufschlagt wird, und
daR sie durch Anheben der Ventilnadel (14) den Be-
ginn der Einspritzung ermdglicht, wenn sie bis zu
einem zweiten Energie-Niveau mit Energie beauf-
schlagt wird, und eine zweite elektromagnetische
Betatigungseinrichtung mit einem zweiten Anker
(68) und einer zweiten Wicklung (72), die unabhan-
gig von der ersten Betatigungseinrichtung (42,46)
gesteuert werden kann und so angeordnet ist, dal
sie ein Uberstrdmventil (60) betatigen kann, das
den Zeitablauf der Druckbeaufschlagung innerhalb
einer Versorgungsleitung (18) steuert, wobei die er-
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ste und die zweite Betatigungseinrichtung
(42,46,68,72) zusammen ein Ubliches Stellglied
(48) bilden.

Einspritzventil nach Anspruch 1, worin die Feder
(38) eine spiralférmige Druckfeder (38) umfaft.

Einspritzventil nach Anspruch 2, worin der Anker
(42) der ersten Betatigungseinrichtung durch ein
Steuerelement (32) gehalten wird, das mit der Na-
del (14) zusammenwirkt, wobei die Federspannung
durch das Steuerelement (32) hindurch auf die Na-
del (14) Ubertragen wird.

Einspritzventil nach einem der voranstehenden An-
spriiche, wobei die erste Wicklung (46) im Ge-
brauch kontinuierlich mit Energie beaufschlagbar
ist, um sicherzustellen, dall die Einspritzung be-
ginnt, sobald ein vorgegebener Druck erreicht ist,
und worin die GrolRe einer Anziehungskraft zwi-
schen der ersten Wicklung (46) und dem ersten An-
ker (42) veranderlich ist, um den vorgegebenen
Druck zu variieren.

Einspritzventil nach einem der Anspriiche 1 bis 3,
wobei das Deaktivieren der zweiten Wicklung (72)
dazu dient, die Einspritzung zu beenden.

Revendications

1.

Injecteur de carburant comprenant un pointeau de
soupape (14) polarisé par un ressort (38) vers un
logement, un premier dispositif d'actionnement
électromagnétique comprenant une premiére ar-
mature (42) et un premier induit (46), et congu pour
faire varier la magnitude de la force de polarisation
appliquée au pointeau de soupape (14) par le res-
sort (38) lorsqu'il est parcouru par le courant a un
premier niveau d'alimentation et pour permettre le
démarrage de l'injection en soulevant le pointeau
de soupape (14) lorsqu'il est parcouru par le courant
a un second niveau d'alimentation, et un second
dispositif d'actionnement électromagnétique com-
prenant une seconde armature (68) et un second
induit (72), contrélables indépendamment a partir
du premier dispositif d'actionnement (42, 46), et
congu pour actionner une soupape de décharge
(60) qui contréle la synchronisation de la pressuri-
sation a l'intérieur d'un passage de tension (18),
dans lequel les premier et second dispositifs d'ac-
tionnement (42, 46, 68, 72) constituent un action-
neur commun (48).

Injecteur de carburant selon la revendication 1,
dans lequel le ressort (38) comprend un ressort cy-
lindrique de compression (38).
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3.

Injecteur de carburant selon la revendication 2,
dans lequel I'armature (42) du premier dispositif
d'actionnement est porté par un élément de com-
mande (32) qui coopére avec le pointeau (14), la
charge du ressort étant transmise au pointeau (14)
par l'intermédiaire de I'élément de commande (32).

Injecteur de carburant selon I'une quelconque des
revendications précédentes, moyennant quoi le
premier induit (46) peut étre alimentée en continu,
en cours d'utilisation, pour s'assurer que l'injection
débute dés qu'une pression prédéterminée est at-
teinte, et moyennant quoi la magnitude d'une force
d'attraction entre le premier induit (46) et la premiée-
re armature (42) peut faire varier la pression prédé-
terminée.

Injecteur de carburant selon l'une quelconque des
revendications 1 a 3, moyennant quoi la mise hors
tension du second induit (72) sert a terminer l'injec-
tion.
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